Introduction
Many recent reports describe evidence that specific chromosome structures play important roles in gene control. A core principle that has emerged from these studies is that genes and their regulatory elements typically occur together within specific DNA loop structures, which we have called ''insulated neighborhoods.'' Here, we review evidence that insulated neighborhoods are structural and functional units of gene control, and we explain how they are used during development to control the diverse cell identities that contribute to complex animals. We explain how insulated neighborhoods form the mechanistic basis of higher-order chromosome structures, such as topologically associating domains (TADs), we discuss how genetic and epigenetic perturbations of neighborhood boundaries contribute to disease, and we outline how further study of neighborhood structure and function will lead to additional insights into development and disease. There are other excellent reviews that provide historical perspective and summarize key insights into chromosome structure (Bickmore and van Steensel, 2013; Cavalli and Misteli, 2013; de Laat and Duboule, 2013; Dekker and Heard, 2015; Dekker and Mirny, 2016; Gibcus and Dekker, 2013; Gorkin et al., 2014; Merkenschlager and Nora, 2016; Phillips and Corces, 2009; Phillips-Cremins and Corces, 2013) ; here, we focus on the insulated neighborhood as a model for further exploration of the principles that underpin gene control in mammalian systems. . Enhancers, first described over 30 years ago (Banerji et al., 1981; Benoist and Chambon, 1981; Gruss et al., 1981) , are segments of DNA that are typically a few hundred base pairs in length and are occupied by multiple transcription factors that recruit co-activators and RNA polymerase II to target genes (Bulger and Groudine, 2011; Spitz and Furlong, 2012; Tjian and Maniatis, 1994) . Tens of thousands of enhancers are estimated to be active in any given human cell type (ENCODE Project Consortium, 2012; Roadmap Epigenomics et al., 2015) . Enhancers and their associated factors can regulate expression of genes located far upstream or downstream by looping to the promoters of these genes, so the features that cause enhancers to regulate only specific genes, generally on their own chromosomes, have been something of a mystery for several decades ( Figure 1A) . This mystery, which we will call the enhancer-gene-specificity conundrum, is important to solve because the majority of disease-associated non-coding variation occurs in the vicinity of enhancers and, thus, likely impacts these enhancers' target genes (Ernst et al., 2011; Farh et al., 2015; Hnisz et al., 2013; Maurano et al., 2012) .
Some of the specificity of enhancer-gene interactions may be due to the interaction of DNA-binding transcription factors at enhancers with specific partner transcription factors at promoters (Butler and Kadonaga, 2001; Choi and Engel, 1988; Ohtsuki et al., 1998) . Each cell type expresses hundreds of different transcription factors, and these bind to DNA sequences in enhancers and in promoter-proximal regions. Diverse factors bound at these two sites interact with large cofactor complexes and could, in principle, interact with one another to produce some degree of enhancer-gene specificity (Zabidi et al., 2015) . It is not clear to what extent this mechanism contributes to specific enhancer-gene interactions throughout the human genome.
